Anti-P-gp MAbs previously reported Multidrug resistance (MDR) is one of the major obstacles to successful cancer chemotherapy. Since P-glycoprotein (P-gp) encoded by the MDR-1 gene plays a key role in MDR, many PAntibody Isotype Epitope Investigator gp-specific monoclonal antibodies (MAbs) have been generated for characterization and analysis of P-gp. Among accumulation of vincristine and actinomycin-D, and enhances performed by using gene-specific probes to detect mRNA vincristine cytotoxicity in K-562/ADM cells, 11 and also expression or by immunochemistry or flow cytometry using increases intracellular concentrations of vincristine in MDR monoclonal antibodies (MAbs) to detect P-gp expression. [8] [9] [10] ovary carcinoma cell line, 2780 AD cells. 22 It induces antibodyIn this paper, we at first summarize the characteristics of antidependent cellular cytotoxicity reaction of human and mouse P-gp MAbs and the application of them for diagnostic effector cells against P-gp positive MDR cells. 23,24 Since the purposes, and then propose new methods that we have first report that MRK16 recognized the extracellular portion of recently developed.
human MDR-1 product, it has been used for various purposes such as diagnostic 25, 26 and therapeutic studies.
23,24,27
Recently, we succeeded in constructing the recombinant Anti-P-gp MAbs chimeric antibody MH162, in which the antigen-recognizing variable regions of MRK16 was joined to the constant region A number of investigators attempted to generate MAbs against of human antibodies. The apparent avidity of chimeric anti-P-gp employing different immunization techniques for effecbody to K-562/ADM cell antigen was similar to that of alltive diagnosis and treatment of MDR cancers (Table 1) . [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] mouse antibody MRK16 as determined by enzyme-linked These studies have disclosed the significant involvement of Pimmunosorbent assay (ELISA), as well as by competitive inhigp in the mechanism of drug resistance of several cancers. In bition cell binding radioimmunoassay. MH162 augmented the this section, we describe the characteristics of anti-P-gp MAbs killing activity of human effector cells against drug-resistant reported so far, mainly two major MAbs, MRK16 and C219.
tumor cells more effectively than the all-mouse monoclonal MRK16. (Figure 1 ). In the indirect method, cells are incubated with extracellular domain of P-gp, but the antibody has neither an effect on drug accumulation nor potentiation of drug cytotox-MRK16 (F(ab′) 2 fragments, washed, and then incubated with FITC-anti-mouse IgG. In the direct method, cells are incubated icity. Interestingly it inhibits the growth of MDR cells. The chimeric antibody MH171, which was constructed from directly with the FITC-MRK16 F(ab′) 2 fragments. In the inhibition assay, cells are incubated with unconjugated MRK16 MRK17 by the same procedure as MH162, also augments the killing activity of human effector cells. 14, [38] [39] [40] MAb 4E3 (IgG2a) was established by immunization with human MDR uterine adenocarcinoma cell line, ME180/Do× 500. 16 This MAb recognizes the extracellular epitope of human P-gp.
MAb57, 18 G8-2 19 and 32G7, 20 have also been reported to react with P-gp.
Recently, Mechetner and Roninson 17 developed UIC2 (IgG2a) that recognizes an epitope of the extracellular domain of P-gp. It recognizes another epitope of extracellular domain different from the MRK16 epitope; notably UIC2 shows a positive reactivity with a mutant form of P-gp having a deletion of the first extracellular loop. UIC2 also inhibits the efflux of drugs from MDR cells and increases the accumulation of drugs as well as enhancing the cytotoxicity of anticancer drugs against MDR cancer cells.
Diagnostic studies
In this section, we summarize the application of anti-P-gp MAbs for diagnostic purpose.
Fluorescent activated cell sorting (FACS) analysis
Science MRK16 recognizes the extracellular domain of P-gp, there is an advantage that cells can be stained without fixation. MRK16 is especially useful for flow cytometry. On the other hand, as MRK16 recognizes 3-D structure of intact P-gp, the binding activity is lost by the SDS or methanol treatment of cells and MRK16 is not applicable for use in Western blotting. Paraformaldehyde (0.4%) is suitable for fixation.
Most hematological and tumor cells are expressing the Fc receptor at different levels, so the blocking process is often 1121 gp MAbs in many laboratories. The immunostaining methods have been improved for clear diagnosis and are now useful for diagnosis, because they are simpler and more economical than FACS analysis and RT-PCR.
Other detection methods for P-gp-mediated MDR
In this section, we describe other detection methods for P-gpmediated MDR phenotype.
Rhodamine 123 (Rh-123) staining Rh-123, a fluorescent dye that localized in mitochondria, is a substrate for the multidrug resistance pump P-gp. To study the
Magnet affinity cell sorting (MACS)-FACS analysis
efflux of rhodamine 123 (Rh-123) from cells, each cell fraction obtained from MRK16-MACS-FACS analysis was incubated To solve the aforementioned problems, we have established a with 10 mM Rh-123 for 1 h at 37°C in the dark. 42 Cells were new system, magnet affinity cell sorting (MACS)-FACS analysis then washed and the intensity of fluorescence was measured ( Figure 2) . 41 Cells are incubated with biotin-MRK16 F(ab′) 2 by flow cytometry. The fluorescence intensity of Rh-123 in fragment, washed, and then incubated with FITC-labeled avithe bound (P-gp-positive) cell fraction was much less than that din. After the second washing they are incubated with biotinin the through (P-gp-positive) cell fraction ( Figure 4 ). This coated magnetic beads. The cells are applied to a separation result is another piece of evidence that the cells in the bound column. Figure 3 shows the fluorescence intensity patterns of fraction (less Rh-123 content) have higher functional P-gp levthe pass-through fraction, the washing fraction, and the magels. We have confirmed that less than 1% of P-gp-positive netic beads-bound fraction, respectively, when the cell suscells were selectively recovered in the bound fraction. 
